(a) Overview of reinforced laminated glass samples. b) Post-breakage behaviour of tempered laminated glass with and without steel-wire mesh reinforcement. Figure 1 . Metal wire mesh or perforated thin metal plate reinforcement embedded in the interlayer of laminated glass (Feirabend 2008) . Carvalho et al. (2011) analysed the adhesive strength of pull-out specimens with perforated and non-perforated embedded stainless steel plates (Figure 2 ). The experimental investigations have been performed by pulling out perforated and non-perforated steel plates, from the laminated glass panel, at constant displacement rates. The results showed different behaviours with PVB and SGP interlayers. Figure 2 . A specimen after a pull-out test (Carvalho et al. 2011 ). Santarsiero et al. (2013) studied the effect of temperature in the behaviour of pull-out tests of embedded non-perforated steel plates. Carvalho et al. (2013) analysed the efficacy of using the extended embedded steel plates to splice glass beams. Bending tests have been carried out at different temperatures (20 ºC, 50 ºC and 80 ºC).
The present work aims to explore the effectiveness of an embedded steel reinforcement system and to assess how this solution enhances the safety and the ductility of the beams under bending and shear actions.
SPECIMEN PREPARATION
The tested specimens consist of small rectangular annealed glass panes (10 mm thickness, 100 mm high and 1100 mm length) combined with rectangular stainless-steel plates, laminated with a transparent interlayer (Figure 3 ). 1 -Glass monolithic 2 -Interlayer (PVB or SG) 3 -perforated metal plate with 1 mm Figure 3 . Embedding perforated stainless steel plates in the glass lamination process.
It was used 1,52 mm Vanceva PVB and 1,52 mm SGP interlayers. The perforated steel plate used in the experimental investigation has 1mm thickness and is made of AISI 304 stainless steel. The R5T8 pattern is characterized by having 5mm diameter holes disposed diagonally at an angle of 60º, distancing 8mm from centre to centre. This type of pattern has 35,4% of the surface perforated.
The specimens were placed inside a smart blanket system inserted in an autoclave as illustrated in Figure 4 , where they were heated to a temperature of 125-135 ° C for a period of three hours. a) Specimens before lamination. b) Specimens inside the smart blanket system. c) Autoclave. The specimens were simply supported in steel rollers. The load configuration is illustrated in Figure 6 . All tests were carried out with deformation control at the beam mid span and measurements of applied load value (displacement rate of 1 mm/s).
1 -Glass beam 2 -Device to distribute the loading 3 -Support 4 -Rubber layer Lb = 400 mm; h = 100 mm Ls = 800 mm Figure 6 . Load configuration.
The dimensions of the thermal chamber were carefully chosen to make possible a good drive of the heated air flow. Therefore, it was decided to build a box with a length of 1,90 m, a high of 0,65 m and a depth of 0,80 m. The ventilation system was provided by a company specialized in HVAC systems. The module of resistances was installed inside the fan, positioned in the opening of the air reception. This position causes the air return allowing the air previously heated to warm up again in order to achieve the desired temperature. The thermostat was placed in the upper interior part of the thermal chamber. Its main function is to measure the temperature inside the chamber, turning on/off the resistances when necessary and maintaining the space at a given preset temperature, turning-off automatically to avoid overheating. Figure 7 illustrates the temperature during the tests. As stated before the temperature ranges from a minimum of 16 ºC to a maximum of 85 ºC. Those figures clearly demonstrate the difficulty in maintaining constant the high temperatures.
Temperature (ºC)
Temperature ( 4.1. Glass beams Table 1 shows a summary of the results of the 18 bending tests of laminated glass beams (3 for each envisaged temperature). The crack patterns are very similar in both glass panes, i.e. cracks are located in the same section, whereas in the beams laminated with PVB the cracks have not the same location in both glass panes, as illustrated in Figure 8 . c) SGP at at room temperature. d) SGP at at aproximatly 60 ºC. e) SGP at at aproximatly 80 ºC. Figure 9 . Cracked patterns of reinforced glass beams.
In case of glass fracture the reinforcement transfers the tensile force over the crack. The tensile force in the reinforcement combined with a compression force in the non-cracked compression zone generates an internal load-carrying mechanism which enables the beam to still carry load even if all glass layers are cracked. As can be observed in Figure 9c the reinforced beams exhibited a distributed crack pattern when tested at room temperature, which clearly demonstrate the efficacy of the reinforcement, although this effect is much more accentuated in the beams laminated with SGP, due to its higher resistance. At higher temperatures the cracks become more concentrated in the central span. Furthermore, the crack patterns are very similar in both glass panes, i.e. cracks are located in the same section. Table 2 shows a summary of the results of the 14 bending tests of reinforced laminated glass beams. The structural response in terms of load versus relative displacement is presented in figures 10 to 12.
a) Reinforced laminated glass beams. b) Laminated glass beams. Figure 10 . Force-deflection diagrams at room temperature.
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CONCLUSIONS
The solution of embedding perforated steel plates in the intermediate layers of laminated glass is, by several reasons, emerging as one of the most promising techniques to increase significantly the safety and the ductility of load-carrying glass elements.
This reinforcement-interlayer-matrix combines the high tensile and high extensional stiffness of the reinforcement with the high degree of adhesion of the synthetic interlayer material.
The effects of temperature are crucial for the safety performance of the reinforced glass beam, as it influences the bond between glass and reinforcement and the structural functioning of the system.
Further research is needed to improve the efficacy of the thermal chamber to achieve a constant temperature during the loading tests, in order to obtain more predictable and reliable results and to make possible the development of a comprehensive set of rational guidelines for design and specification of those structural elements. However the results obtained showed that it is possible to increase the residual strength of glass panes in the damaged state, acquiring residual strength throughout the temperature range. 
